Previous research has shown that amphibians have differential sensitivity to ultraviolet-B (UV-B) radiation. In some species, ambient levels of UV-B radiation cause embryonic mortality in nature. The detrimental effects of UV-B alone or with other agents may ultimately affect amphibians at the population level. Here, we experimentally demonstrate a synergistic effect between UV-B radiation and a pathogenic fungus in the field that increases the mortality of amphibian embryos compared with either factor alone. Studies investigating single factors for causes of amphibian egg mortality or population declines may not reveal the complex factors involved in declines.
In the Pacific Northwest, high mortality of eggs in certain amphibian species has recently been attributed to two main agents, ultraviolet-B (UV-B; 290-320 nm) radiation and a pathogenic fungus, Saprolegnia ferax (1) (2) (3) . For example, the western toad (Bufo boreas) has experienced 50% to nearly 100% egg mortality at several sites in the Oregon Cascade Range (3, 4) . Conversely, Pacific treefrog (Hyla regilla) eggs in the same ponds and lakes as B. boreas have not experienced unusual mortality (1) . Recent research showing that amphibians have differential sensitivity to ambient UV-B radiation is consistent with these observations. When shielded from UV-B radiation B. boreas and Cascades frog (Rana cascadae) eggs showed much higher hatching success than unshielded eggs (1) . Hatching success inH. regilla was unaffected by shielding (1) .
Potential detrimental effects of UV-B radiation acting with other agents (3) may enhance egg mortality in nature and ultimately affect amphibians at the population level. Indeed, populations of amphibians in widely distributed locations, including B. boreas and R. cascadae, appear to have undergone declines and range reductions in recent times (5) (6) (7) (8) (9) , with some, perhaps, becoming extinct (10, 11) . Habitat destruction and natural population fluctuations undoubtedly play a role in the declines of some populations (12, 13) . However, several investigators have suggested that UV radiation may be one factor contributing to the declines of certain populations in relatively remote regions where there are no other obvious explanations (1, 11, 14) .
The detrimental effects of UV-B radiation on amphibian embryos acting alone or synergistically with other agents are poorly understood in natural systems. For example, in nature, it is possible that the effects of pathogens, such as Saprolegnia, may be enhanced when defense systems are weakened by stressors (3, 7) . One source of stress, UV-B radiation, has well-documented effects that weaken disease defense systems (15, 16 Saprolegnia was cultured in the laboratory on 20 ml of corn meal agar in standard Petri dishes. Using the standardized culture protocol, boiled hemp seeds (19) were added to cultures and cultures were allowed to incubate at 20°C for -168 hr. In the pools where Saprolegnia was added, we introduced three hemp seeds laden with Saprolegnia (=3000-5000 zoospores per liter).
In experiment 1, we placed 150 newly deposited eggs (<24 hr old) in each of 24 enclosures at natural oviposition sites of each species. The enclosures at each site were randomly assigned to unfiltered sunlight, sunlight filtered to remove UV-B and shorter wavelengths, and sunlight filtered to remove wavelengths shorter than UV-B. We randomly added S. ferax to half of the enclosures in each sunlight treatment (see Fig. 1 ). To the remainder of the enclosures, we added the antifungal agent Malachite green (20, 21) to remove any Saprolegnia that may be present naturally. Enclosures were placed in plastic pools. Within the pools, eggs were emersed in natural lake water.
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The experiments ended when all embryos either hatched or died. Survival was measured as the proportion of hatchlings produced per enclosure. The proportion of hatchlings produced per enclosure (survivorship through hatching) was assessed using analysis of variance (ANOVA) to test for differences among the treatments.
RESULTS
In experiment 1, the ANOVA indicated a significant UV-B effect by itself. However, the effect is secondary to the Fig. 1; Table 1 ). H. regilla hatching success was not affected by UV-B and its hatching success was reduced only in the presence of Saprolegnia.
In experiment 2, the hatching success of B. boreas and R. cascadae was also greater in regimes shielded from UV-B ( Fig.  2; Table 2 ). H. regilla hatching success did not differ among the regimes.
DISCUSSION
We have shown a synergistic interaction between a pathogen and UV-B radiation that is killing amphibian embryos in nature. Although UV-B radiation and Saprolegnia alone may damage Rana and Bufo embryos, the results of experiment 1 showed that UV-B radiation and Saprolegnia together produced an effect that was greater than the effect of UV-; radiation or Saprolegnia alone. Thus, complex interactions among several factors may affect amphibians in nature that could potentially lead to a population decline. R. cascadae populations have virtually disappeared from the southern portion of their range in California and have shown declines in Oregon (8, 9) . B. boreas, a previously ubiquitous species in western North America (22) , has undergone drastic declines in numbers throughout its range and has exhibited unusually high egg mortality at certain montane sites (3, 7, 8) .
Saprolegnia is a well-known pathogen of amphibians and fishes (3). Yet, it has been largely overlooked in the context of amphibian declines (3) . Saprolegnia occurs in lakes and ponds with amphibians in Oregon. The origin of Saprolegnia at our study sites is unknown, but one likely source is infected hatchery-reared fishes that are stocked throughout the Cascade Range (3).
UV-B radiation probably does not contribute to the declines of all amphibian populations. For example, UV-B radiation is less likely to affect species that lay their eggs in relatively deep Effects of UV-B radiation on hatching success (xc ± SE) of eggs emersed directly into a lake. This experiment was conducted at Three Creeks Lake simultaneously with the tests conducted at this site described in the legend to Fig. 1 . The methods and materials were identical to those in Fig. 1 water or under dense foliage, shielded from solar radiation (10, 11) . However, we suggest that the anticipated progressive expansion of UV-impacted areas to lower latitudes (23) (24) (25) could potentially lead to increased mortality of amphibian embryos as they develop in nature. Moreover, individuals not directly exposed to UV-B radiation or Saprolegnia may become contaminated as Saprolegnia-infected individuals disperse.
Multifactor studies investigating stressors that may compromise disease defense mechanisms are warranted (3, 7, 16) . Furthermore, our results suggest the importance of multifactor studies when investigating mortality factors in early life stages that could eventually lead to a population decline.
